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MULTICOLOR ORGANIC LIGHT EMITTING DEVICES 

fi#ld Of The Invention 
This invention relates to aulticolor organic light 
emitting devices and sore particularly to such devices for use 
in flat panel electronic displays « 

The electronic display is an indispensable way in 
Bodern society to deliver inforaation and is utilized in 
television sets, computer terainals and in a host of other 
applications. No other mediua offers its speed, versatility and 
interactivity. Known display technologies include plasaa 
displays, light enitting diodes (LEOs) , thin film 
electroluminescent displays, and so forth. 

The prioary non-emissive technology makes use of the 
electro optic properties of a class of organic molecules known 
as liquid crystals (LCs) or liquid crystal displays (LCDs) . LCDs 
operate fairly reliably but have relatively low contrast and 
resolution, and require high power backlighting. Active matrix 
displays employ an array of transistors, each capable of 
activating a single LC pixel. There is no doubt that the 
technology concerning flat panel displays is of a significant 
concern and progress is continuously being made. See an article 
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•ntltl^d -flat Pan«l Di«pl«y«-, Sclmtiflc A»«ric«n, Karcb 1993, 
P9S. 90-97 by S.w. 0«pp mnd tf.E. Hovard. In that nrzielm. It !• 
Indicated that hy 1995 flat panel diaplaya alona ara axpactad to 
ton a market of batvaan 4 and 5 billion dollars- Daairabla 
factors for any display tachnology ia tha ability to provide a 
high resolution full color dieplay at good light level and at 
eoapetitive pricing. 

Color displays operate with the three primary colore 
red (R), green (C) and blue (B) . There has been considerable 
progress in demonstrating red, green and blue light emitting 
devices (LEDs) using organic thin film materials. These thin 
film materials are deposited under high vacuum conditions. Such 
techniques have been developed in numerous places throughout the 
world and this technology is being worked on in many research 
facilities. 

Presently, the most favored high efficiency organic 
emissive structure is referred to aa the double hetnrostructura 
LED which is shown in Fig. lA and designated as prior art. This 
structure is very similar to conventional, inorganic LED' a using 
materials as CaAs or InP. 

In the device ehown in Pig. lA, a support layer of 
glass 10 is coated by a thin layer of Indium Tin Oxide (ITO) 11 
which layers 10 and 11 form the aubstrate 8. Mext, a thin (100- 
500 Jl) organic, predominantly hole tranaporting layer (HTL) 12 
ia deposited on the ITO layer 11. Depoaited on the aurface of 
fTTL layer 12 is a thin (typically, 5oA - lOoA) emission layer 
(EL) 13. If the layers are too thin there may be lack of 
continuity in the film, and thicker films tend to have a high 



W0 96/im3 



PCT.TS95n5790 



iat«mal r««l«tanc« requiring higher power operation, ^ssive 
leyer (EL) 13 provides the recosbination eite for electrons 
injected fra» e lOCKSOOA thick electron treneporting leyer 14 
(ETL) vith hole* rro« the HTL layer 12. Thm ZTL material ie 
characterised by its considerably higher electron than hole 
BObility. Exaaples of prior art ZTL, EL and HTL materials are 
disclosed in U.S. Patent No. 5,294,870 entitled •Organic 
Slectroluainescent RultiColor Image Display Device", issued on 
March 15, 1994 to Tang et al. 

Often, the EL layer 13 is doped vith e highly 
fluorescent dye to tune color and increase the electroluminescent 
efficiency of the LED. The device es shown in Fig. lA is 
completed by depositing metal contacts 15, 16 and top electrode 
17. Contacts 15 and 16 are typically fabricated from indium or 
Tl /Pt/Au . Electrode 17 is often a dual layer structure 
consisting of an alloy such as Mg/Ag 17' directly contacting the 
organic ETL layer 14, and a thicX, high work function metal layer 
17" such as gold (Au) or silver (Ag) on the Mg/Ag. The thick 
metal 17" is opaque. When proper bias voltage is applied 
between top electrode 17 and contacts 15 and 16, light emiesion 
occurs through the glass substrate 10. An USD device of Fig. lA 
typically has luminescent external quantum efficiencies of from 
0.05 percent to 4 percent depending on the color of emission end 
its structure. 

Another known organic emissive structure rsferred as 
a single heterostructure ie shown in Fig. IB and designated es 
prior art. The difference in this structure relative to that of 
Fig. lA, is that the EL layer 13 serves also as an ETL layer, 
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•li»inating zhm TTL l«y«x 14 of Pig. lA. Mow«v«r, thj d«vic« of 
Pig. IB, for €fflcl«nt operation, must Incorporat* an SL Iay«r 
13 baving good clactron transport capability, otharvise a 
separata ZTL layar 14 auat ba Includad aa ahovn for .tba davica 

of Pig. lA. 

Praaantly, tha bighast aff iclanclaa bava baan obaarvad 
in graan LED' a. Purtbanora, driva voltagaa of 3 to 10 volts 
bava baan achiavad. Tbaaa aarly and vary proaising 
daaonstrationa hava uaad amorpbous or blghly polycrystalline 
organic layara. Thaaa structuras undoubtadly lialt tba charga 
carrier aobility across tha fila which, in turn, liaits current 
and increases drive voltage. Migration and growth of 
crystallites arising froa the polycrystalline state is a 
pronounced failure aode of such devices. Electrode contact 
degradation is also a pronounced failure aechanisa. 

Yet another Known XXD device is shown in Pig. IC, 
illustrating a typical cross sectional view of a single layer 
(polyaer) LED. As shown, the device includes a glass support 
layer 1, coated by a thin ITO layer 3, for forming the base 
substrate. A thin organic layer 5 of spin-coated polywarr for 
exaaple/ is formed over ITO layer 3, and provides all of the 
f;inctions of the BTL, m, and EL layers of the previously 
described devices. A metal electrode layer 6 is formed over 
organic layer 5. The metal is typically Hg, Ca, or other 
conventionally used metals. 

An example of a multicolor electroluminascant image 
display device employing organic compounds for light emitting 
pixels is disclosed in Tang et al., U.S. Patent Ho. 5,294,870. 
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rtim patent dlsclosM a plurality of light aaltting p^x«la which 
eontaii) an organic .«liua for fitting blue light in blua- 
•mitting wbpixal ragiona. Fluoraacant Mdia ara latarally 
apacad fro« tha blua-aaitting autopixal ragion. Thm fluoraacant 
5 Mdia abaorb light aaittad by tha organic Mdiua and nit rad and 
graan light in diffarant aubpixal ragiona, Tha uaa of Mtarlala 
dopad vith fluoraacant dyaa to a«it graan or rad on ahaorption 
of blutt light froB tha blua aubpixal ragion ia laaa afflciant 
than diract fonation via graan or rad LED'a. Tha raaaon ia that 
10 tha afficiancy will ba tha product of (quantun afficlancy for 
EL)*(quantua afficiancy for fluoraacanca)* (l-tranaaittanca) . 
Thua a drawback of thia di«play ia that diffarant latarally 
apacttd aubpixal ragion* ar« raquirad for aach color aaittad. 

It ia an objact of tha praaant invantion to provida a 
■ulticolor organic light aaitting davice amploying aavaral typaa 
of organic alactroluainaacant aadia, aach for omitting a diatinct 

20 color. 

It la a furthar objact of thia invantion to provida 
auch a davica in a -high daf inition multicolor diaplay in which 
tha organic madia ara arrangad in a atac)cad configuration auch 
that any color can be amitted from a common rmgion of the 
25 display. 

It ia anothar objact of tha praaant invantion to 
provida a thxmm color organic light amitting davica which ia 
axtramaly raliabla and ra;ativ«ly inexpenaivc to produca. 
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It im • further obJ«ct to provide euch a device vhich 
is iBpleaented fcy the grovth of organic meteriels eimilar to 
those Mterials used in electroluainescent diodes « to obtain an 
organic UB> vhich ia highly reliable, coapect, efficient and 
requires low drive voltages for utilisation in RGB displaya. 

Zn one cmbodiftent of the invention, e aulticolor light 
esitting device (LED) structure comprises et least a first and 
a second organic lEO stacked one upon the other, and preferably 
three, to fors a layered structure, vith each ZXD separated one 
froB the other by a transparent conductive layer to enable each 
device to receive a aeparate bias potential to eait light through 
the stacX. 

Brigf Deaeriptlon Of The Dravinqs 

Fig. lA is a cross sectional view of a typical organic 
double heterostructure light enltting device (LED) wccording to 
the prior art. 

rig. IB is a cross sectional view of a typical organic 
single heterostructure light emitting device (LED) according to 
the prior art. 

rig. IC is a cross sectional view of a )cnovn single 
layer polymer LED structure according to the prior art. 

rigs. 2K, 2B, and 2C are cross sectional view of an 
integrated three color pixel utilizing crystalline organic light 
emitting devices (Ln)'s), respectively, accorc?irg to eabodisents 
of this invention, respectively. 
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rig». 3-11 9hoy a variety of organic coapoonda which 
Bay hm ummA to ccaprl»a tha activa .aiaaion layara f or ganarating 

tJsa varioua colora. 

Figa. 12(A-E) illuatrata a shadow aaaking procaaa for 
tha f atorlcation of tha milticolor LED according to tha invwttion. 

Figa. 13(A-P) Illuatrata a dry atching procua for tha 
fahrication of tha Multicolor LZD according to tha invantlon. 

Fig. 14 A ahowa a aulticolor LED of ona •abodi»«t of 
thia invantion eonfigurad for facilitating packaging th«r«of . 

Fig. 14B ahowa a croaa aactional viaw of a haraatic 
packaga for another amhodiaent of the invention. 

Fig. 14C ia croaa aectional viaw taken along 

14C-14C of Fig. 14B. 

Fig. 15 ia a block diagram ahowlng an RGB display 
utilising LED devicea according to this invention together with 
diaplay drive circuitry. 

Fig. 16 ahowa an LED device of another embodiaent of 
the invention extending the number of stacked LED 'a to N, where 
K ia an integer nuaiber 1, 2, 2, H* 

Qiii^aiiad p^agriptiQTi Of Thp Invention 

Figure lA baa bean deacribed and ia a prior art double 
hetaroatructura organic light emitting device. The baaic 
construction of the device of Fig. lA ia uaed in thia invention 
aa will be deacribed. 

Referring to Fig. 2A, there is ahown a acheaatic croaa 
aection of a highly coapact. integrated RGB pixel structure which 
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1. i.pa-«f d by grown or v.cuu» d.po.lfd org^xlc l.y«r.. in 
on. -bodi..nt Of «. mvontiun. B...d on tb. ability to grov 
organic «t.rl.l. on . l-rg. vari.ty of «t«ri*l. (including 
«t.l. «d XTO) . on. can con.txuct a -tack of LTD doubl. 
b.t.ro.tructur.. (DH) d..lgn.t«J a. 20. 21 and 22, in one 
•.bodlMnt of th. lnv.ntion. for lllu.tr.tlv. purpo.... LED 20 
1. con.idu-.d m . botto. portion of th. .tack. LTD 21 in a 
.Iddl. portion Of th. -tack, and LED 22 in a top portion of th. 
•tack, in th. «ta>pl. of fig. 2A. Al.o, th. .tack la rtiown to 
b. vartically ori.nt.d In Pig. 2A, but th. LED can be oth«rwl.. 
ori.nt.d. in oth.r «bodi«.nt., a atack of alngle 
h.t.ro.tructur. (SH) LED'. (... Fig. IB), or a atack of poly«.r- 
ba..d LED devics (..• Fig. IC) . ar. viabl. alt.mativ.a to th. 
DH LED'., with th. SH d.vic.. b.irg .qually viabl. a. DH d.vice. 
for light .aitt.r.. Al.o, SH and DH d.vic. co.pri.ing a 
coabination of vacuu. d.po.it.d and poly.eric light-«6itting 
Mterlals are conaid.r.d to b. within the spirit and .cop. of 

this invention. 

Each devic. atructur. aa device 20, conaiata of an HTL 
layer 20H vacuuB-depo.it.d or grown on or otherwia. depoaitad 
onto th. .urfac. of an ITO lay«: 35. A top FTL lay.r 20T 
..ndwich.. .n EL layer 20E b.tw..n the fora.r and HTL lay.r 20H. 
for .xaapla, ahown in th. d.vice construction of Fig. 2A. Th. 
rr- lay.r 20T .nd oth.r ETL lay.r. to b. d..crib.d ar. eompoo.d 
25 of organic Batarlal. .ueh as M(8-hydroxyquinolata). (Il-»atal ion; 
B-2-4) . Exaapl.s of other .uitabl. organic BTL aaterlala can be 
found in U.S. Patent No. 5.294,870 to Tang at al. For»ed on top 
of ITL layer 20T i. a thin, seal -transparent low work function 
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(preferably, <4 mV) Mtal layer 26M having a thieJcnes^ typically 
lese than 50A. Suitable Candida tee include Mq, Hg/kq, and As. 
Depoeited on the top of aetal layer 26M ie another traneparent, 
thin conductive XTO layer 361. (Por convenience herein, the 
double layer etructure of Mtallic layer 26M and XTO layer 261 
^« referred to ee ZTO/eetal layere 26.) Each of the double 
heteroatructure devices aa 20, 21 and 22 have a bot^oa RTL layer 
foraed on a tranaparent conductive layer of ITO 261 or 35. Nasct 
an EL layer is deposited and then another layer of ETL. Each of 
the HTL, ETL, ITO, aetal and organic EL layers are transparent 
because of their coaposition and alniaal thlc)cnees. Each HTL 
layer aay be 50-loOOA thick; each EL layer aay be 50-20oA thick; 
each ETL layer aay be 50-lOOOA thick; each aetal layer 26N aay 
be 50-iooA thick; and each ITO layer 261 and 35 aay be 1000-4000A 
thick- Por optiaua perforaance, each of the layers should 
preferably be kept towards the lover ends of the above ranges. 
Thus, each LED 20, 21 and 22 (excluding ITO/aetal layers) are 
preferably close to 200A thick. 

If SH devices ere used for providing LED's 20, 21, 
22, rather than OH LH) devices, the ETL and EL layers are 
provided by a single layer, such as layer 13, as previously 
described for the 5B of Pig, IB. tbis layer 13 is typically Al- 
quinolate. This ie shown in Pig. 2B, where the EL layers 20E, 
21E, and 22E, respectively, provide both the EL and ETL layer 
functions. However, an advantage of the OH LED stack of Pig. 2A, 
relet iv« to ^ 6H LED ft^rk fsf TL^, 25, is thct the OH LH) stack 
pemits thinner overall construction with high efficiency. 
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1« FI9.. 2A «iid 2B, .v-n though th. e«nt«r. of MCh of 
th, LED', ar. off««t fro. on. another, th* total bM> of light 
fro. «ch dovic 1. .ub.tantl.lly coincid«>t betv.«» I^'. 20, 
21 «Kl 22. imil. th. bmMM* of light Mrm colncldMt In th. 
ccacntrlc configuration, th. —Ittlng or non—lttlng d.vlc. 
elo..r to th. gl... .ub.tr.t. will b. tran.par.nt to th. fitting 

dovlc or d.vlc. furthK- .way th. gl... .uh.tr«t.. 

Bow.v.r, th. dlod.. 20. 21 Md 22 nMd not b. offo.t fro. on. 
anethtt mni My alt«natlv.ly b. .taekwl eoncntrleally upon MCh 
otbar, wh.r.upon th. b.a» of light fro. ..eh d.vle. i. wholly 
coincidant with th. oth.r.. A conc.ntric conf Igur.tlon i. .hown 
in rig. 12E which will b. d.serib.d b.low In r.g.rd to d.vic« 
fabrication proe...... Mot. that th.r. i» no diff.r«»c. in 

function b.tw..n th. offo.t and eoncntric configuration*. Sach 
15 d.vic. Mlt. light through gla.. .ubatrat. 37 in a .ub.tantlally 
omiidlr«:tional patt«n. The voltage, aero... th. thr.e LED', 
in the stack 29 «r. controlled to provide a d.«ir.d resultant 
•ais.ion color and brightness for th. particular pix.l at any 
instant of ti.e. Thus, each LED as 22, 21 and 20 can be 
20 .n.rgi2.d slaultan.ously with beaM as R, G and B, r..p.ctiv.ly, 
for .xa«ple, dir.ct.d through and visibl. via th. tran.par«nt 
layers, a. ahown K*«natically in Figs. 2A and 2B. Bach DH 
stnictur. 20, 21 and 22 is capable upon application of a .uitabl. 
bias volt«g. of fitting a diffarent color light. The double 
het«ostrueture LSD 20 «iit« blue light. Th. doubl. 
hetttostructur. LED 21 Mits grsen light while the double 
heterostructure (DH) LED 22 ..its red light. Different 
co.binations or individua: ones of LED's 20, 21 .nd 22 can be 
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•ctlvBtad to Ml^ctlvsly obtain « doairod color of llm for tho 
rospoctlvo pixzl partly dopwdont upon tha Mgnitudo of currant 
in aach of tha tXD'm 20, 21 and 22. 

Zn tha axaspla of Figa. 2A and 2B, LED'm 20, 21 and 22 
ara forvard biaaad by b«ttarias 32, 31 and 30, raapaetivaly. 
Currant flova froa tha poaitiva tarsinal of aacb battary 32, 31 
and 30, into tha anoda tarsinal 40, 41, 42, raapactivaly, of its 
aaaociatad LS) 20, 21 and 22, raapactivaly, through tha layarc 
of aach raapactiva davic«, and froa tarainala 21, 21 and 43, 
aarving aa cathode tarainala to nagative terminals of ^aach 
battary 32, 31, and 30, raapactivaly. As a raault, light is 
amlttad froa aach of tha LZD's 20, 21 and 22. Tha LED davieas 
20, 21 snd 22 ara aads aalactivaly anargisabla by including aaana 
(not ahovn) for aalactivaly switching battarias 32, 31 and 30, 
raapactivaly, into and out of connaction to thair raspactiva XXD. 

In the aabodiaants of the invention, relative to Figa. 
2A and 2B, the top ITO contsct 261 for LED 22 is transparent, 
aaXing the three color device ahovn useful for haadup diaplay 
applications. Hovaver, in another eabodiaent of the invention, 
the top contact 261 ia forced froa a thick aetal, auch as either 
Mg/Ag, In, Ag, or Au, for reflecting light aaittad upvard back 
through substrata 13, for aubstantially incraaaing tha afficiancy 
of the device. Alao, overall device afficiancy can be increaaed 
by fcraing e aultilsyar dielectric thin fila coating batvaan 
glass substrate 37 and the 170 layer 35, to provide an anti* 
reflecting aurfaca. Three aet** nf anti-ref larting layers ".re 
required, one to fon an anti-raf laction coating at aach 
wavelength enitted froa the various layers. 
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In anotbtf ubodlMnt, the device or r.g. 2A ie 
oonetrwcted In en opposite or inverted manner, for providing 
light eaiesion out of tbe top of etacJc rather than the bottom as 
the former. An example of an inverted etructure, vith reference 
to fig. 2C, is to replace ITO layer 35 with a thick, reflective 
metal layer 38. Blue UD 20 is then provided by interchanging 
HTL leyer 20H and ETL layer 20T, vith EL layer 2 OB remaining 
eandviched between the latter two layers. Furthermore, the metal 
contact layer 26M is now deposited on top of ITO layer 261. The 
green LED 21 and red LED 22 portions of the stac)c are each 
constructed with inverted layers (the HTL end EL layers of each 
are interchanged, followed by inverting the metal and ITO layers) 
as described for the inverted blue LED 20. Note that in the 
inverted structxire, the blue device 20 must be on top and the red 
device 22 on the bottom. Also, the polarities of batteries 30, 
31, and 32 are reversed. As a result, the current flow through 
devices 20, 21 and 22, respectively, is in the opposite direction 
relative to the embodiment of Fig. 2A, when forward biased for 
emitting light. 

The device in the cross sectional view has a step-like 
or staircase profile, in this example. The transparent contact 
areas (ITO) 261 permit separate biasing of each pixel element in 
the stac)c and furthermore the material can be used as an etch 
stop during the processing steps. The separate biasing of each 
DH LED structure 20, 21 and 22 allows for wavelength tuning of 
the pixel output to any of various desired colors of the visible 
spectrum as defined in the CIE (Commission Internationale de 
I'Eclairage/International Commission of Illumination) 
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cteoMtlclry rtAHdard* Th« hlum •sitting LD 20 Is placad at thm 
bottom of turn •tacJc and It !• tha l*rg««t of th« thro^ dovlc*.. 
BIu« Is on tb« bottom boc«u»o It 1« tran»p«ront to rod and groon 

light. Finally, tha aatarlala •partitioning- using the 
tranaparant ITO/»atal layara 26 facllltataa aanuf actura of tUla 
dovlca aa will ba daacrlbad. It la tha vary unlgua aapscta of 
tha vacuus grovtb and fabrication procaaaaa aaaoclatad vltb 
organic cospounda vhlch aaJcas tha plxal LED davlcaa ah own In 
Flga. 2A, 2B, and 2C poaalbla- Tha vertical layering ahovn In 
riga. 2A, 2B, and 2C allova for the fabrication of thrmm ^olor 
plxala with tha aaallast poaalbla area, hence, aaklng thaae Ideal 
for high definition diaplaya. 

Aa aaan in Piga. 2A, 2B, and 2C, each device DH 
atructure 20, 21 and 22 can aalt light deaignated by arrows B, 
G and R. reapectlvaly , either ainultaneously or separately. Note 
that the aaittad light la from aubstantially the antire 
transverae portion of each LEO 20, 21 and 22, whereby the R, C, 
and B arrows are not repreaentative of the width of the actual 
aaitted light, reapectlvaly. In this way, the addition or 
subtraction of colore as R, C and B is integrated by the aye 
causing different colors and hues to be perceived. This la well 
known in the field of color vision and diaplay coloriaatry. In 
the of feet configuration ahown, tha red, green and blua beams of 
light are aubetantlally coincident. If the devlcaa are made 
email enough, that la about 50 microna or leas, any one of a 
variety of colore can be produced from the atack. however, it 
will appear as one color originating from a single pixel. 
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Thm oryanlc «at«rlal« used in thm OH •tructurea ar« 
grown one on top of tho other or ere vertlcelly eteOced vlth the 
lohgeet wevelen^ device 22 Indicative of red light on the top 
and the shortest vevelength eXeaent 20 Indicative of blue light 
on the bottae. In this Banner, one mlnlalaee light ebsorptlon 
In the pixel or In the devices. Each of the OH LED devices are 
separated by ITO/»etal layers 26 (specifically, sealtrensparent 
Mtal layers 26K, and Indlua tin oxide layers 261). Tbe ITO 
leyers 261 can further be treated by aetal deposition to provide 
distinct contact areas on the exposed ITO surfaces, such as 
contacts 40, 41, 42 and 43. Those contects 40, 41, 42 and 43 are 
fabricated froa indiua, pletinun, gold, silver or alloys such as 
Ti/Pt/Au, Cr/Au, or Mg/Ag, for exaaple. Techniques for 
deposition of contacts using conventional metal deposition or 
vapor deposition are vsll known. The contects, such ss 40, 41, 
42 and 43, enable eeparate biasing of each LED in the stack. The 
significant cheaical differences between the organic LED 
materials and the transparent electrodes 261 permits the 
electrodes to act as etch stop layers. This allows for the 
selective etching and exposure of each pixel element during 
device processing. 

Each LED 20, 21, 22 has its own source of bias 
potentiel, in this example shown schematically as batteries 32, 
31, and 30, reepectively , which enables each LED to emit light. 
It is understood that suitable signals can be employed in lieu 
of the batteries 30, 31, 32, respectively. As is known, the LED 
requires a minimum threshold voltage to emit light (each DH LED) 
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and h«nc« this activating voltaga i« shown •chaMtic*lly by tha 
battary aymbol. 

Tha EL layars 2 or, 2 IE, 22E mmy ba fabricatad fro« 
organic eoapounda aalactad according to tbair ability to produca 
all priaary eolora and intaraadiataa tharaof. Tha organic 
coBpounda ara ganerally aalactad from trivalant satal quinolata 
coaplaxaa, trivalant Mtal bridgad guinolato coaplaxaa, Sehiff 
baaa divalant aatal cosplaxaa, tin (iv) satal coaplaxaa, Mtal 
acatylacatonata coaplaxaa, aatal bidentata ligand eomplaxaa, 
biaphoaphonataa, divalant aatal aalaonitriladithiolata coaplaxaa, 
Bolacular charge tranafar complaxas, aroaatic and haterocyclic 
polysars and rara Mrth aixad chalataa, as daacribad harainaftar. 

Tha trivalant natal quinolata coaplaxaa ara rapraaentad 
by the structural foraula ahovn in fig* 3, vharain K ia a 
trivalant aatal ion aalactad from Groups 3-13 of tha Periodic 
Tabla and the Lanthanldes. Al*\ Ca*' and In** are the preferred 
trivalant aetal ions. 

K of Fig. 3 includes hydrogen, substituted and 
unaubstituted alXyl, aryl and heterocyclic groups. The alicyl 
group say be atraight or branched chain and preferably baa fron 
1 to 8 carbon atoaa. Exaaples of suitable alXyl groups are 
aethyl and ethyl-. * The preferred aryl group is phenyl and 
exaaplea of the heterocyclic group for R include pyridyl, 
iaidazola, furan and thiophene. 

Ttie allcyl, aryl and heterocyclic groups of R aay be 
substituted vith at leaat one »ul>wwi::u«ak &«l«*u^teu Tiuiu aryl, 
halogen, cyano and alXoxy, preferably having fron 1 to 8 carbon 
atoms. The preferred halogen le chloro. 
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Thm group L of fig. 3 zmprmmmmm « liganf including 
plcolyl.«thylk.ton«, .ub.titufd "d un.ub.tltuf d 
•*Ucyl.ld1iyd# e.g. •allcylald.hyd. .ubstitufd with barbituric 
acid), a group of tha forxula R(0)CO- whcrain R ia aa definad 
abova, halogan. a group of tha formula RO- vharain R la aa 
dafinad abova, and quinolataa (a.g- e-bydro3cyquinolina) and 
darivativaa tharaof (a,g. barbituric acid aubatltutad 
quinolataa). Prafarrad coaplaxaa covarad by tha fonoula ahovn 
in Fig. 3 ara thoaa vhara M ic Ca*' and L ia chloro. Such 
coapounds ganerate a blue eaiaaion. When M is Ca** and L is 
methyl carboxylata, coaplexas aaitting in. the blue to bluc/graen 
region ara produced. A yellow or red emiasion is expected by 
using either a barbituric acid substituted salicyl aldehyde or a 
barbituric acid substituted 8 -hydroxy qui no line for the L group. 
Green emissions aay be produced by using a quinolate for the L 
group. 

The trlvalent aetal bridged quinolate conplexea which 
■ay be employed in the preaant invention are shown in Pigs. 4A 
and 4B. These complexes generate green emisaions and exhibit 
superior environmental stability compared to triaquinolates 
(complexes of rig. 3 where L is a quinolate) uaed in prior art 
devicea. The trivalent metal ion M uaed in these complexes is 
as defined above with XI**, Ca*\ or In*» being preferred. The 
group 2 shown in Fig. 4 A has the formula SiR wherein R is as 
defined above. 2 may also be a group of the formula P-0 which 
lorms a phoaphate. 
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Tbtt Sehiff tommm divml«nt Mtal eoapl«x«s in'^ludtt thos* 
ahovn in Figs. 5A and 5B vhereln !• a divalant mmZAl choMn 
trcm Groups of tba Parlodic Tabla, pr«f«ratoly 2n (5m, y. 

BABAda, at al., "Blua Elactroluainascanca in Thin films of 
AxoMthin - 2inc Cooplaxas", JapanM# .lonynal ef Applied Phvsiea 
Vol. 32, pp. Ull - L513 (1993). Thm group R> is salactad fros 
tha structural roraulas shown in Figs. 5A and SB. Thm group 
is pratarably coerdinatad to tha aatal of tha cooplax through tha 
aaina or nitrogan of tha pyridyl group. X is salactad fron 
hydrogan, alkyl, aUcoxy, aach having froa i to B carbon atoms, 
aryl, s hatarocyclic group, phosphino, halida and amina. Tte 
prafarrad aryl group is phanyl and tha prafarrad hatarocyclic 
group ia salected froa pyridyl, imidazola, furan and thiophana. 
Tha X groups affact tha aolubility of tha Schiff basa divalant 
aatal coaplaxes in organic aolvanta. Tha particular Schiff baaa 
divalant aatal conplax shown in Fig. SB aaits at a wavalangth of 
520na. 

The tin (iv) aatal coaplaxas aaployad in tha prasant 
invantion in tha EL layars ganarata graan emiasions. Includad 
among these coaplsxas ara thoaa having the formula SnL'^', where 
L' is selected froa salicylaldahydea, aalicyclic acid or 
quinolatas (e.g. 8-hydrojfyquinoline) . includaa all groupa as 
previously defined for R except hydrogen. For example, tin (iv) 
metal complexes where L' is e quinolate and V ia phenyl heve en 
amission wavelength (>s.) of 504na, the wavelength resulting froa 
measurements of photoluminescence in the solid atate. 

The tin (iv) metal complexes also include those having 
the structural formula of Fig. 6 wherein Y is sulfur or KR^ where 
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le i. MLctad tram hydrog.n and .uto.titut.d or un.rb«titut«d. 
•Ucyl and mryl. Th. aUcyl group .ay b. atr.ight or br.nch«J 
ebain and prafarably baa froa 1 to » earbon atou. Tha prafarrad 
aryl group la pbanyl. tta aubatltuanta for tha aUcyl and aryi 
5 groupa Includa aUcyl and aOJcoxy bavin? fro. 1 to 8 carbon atou. 
eyano and halogan. L» aay be aalactad fro. aUtyl, aryl, hallda, 
qulnelataa (a.g. •-hydroxyguinolina) , aalicylaldabydaa. aalicylic 
add. and ■alaonltriXadlthlolata (•■nf) . Mhan A la 6 and Y is 
CM and V ia •wit" an aaiaalon batiraan rad and orange ia 
10 axpaetad. 

Tha M(aeatylaeatonBta), cox^laxaa ahewn In Pig. 7 
gancrata a blue aaiaalon. Tha aatal ion M ia aalactad from 
trlvalent aetala of Croupa 3-13 of tha Periodic Table and tha 
lAnthanldea. The preferred aetal lona are Al*», Ca*' and In*'. 
15 The group R in Fig. 7 ia the ease aa defined for R in Pig. 3. 
For exaaple. when R ia aathyl, and M ia aalected froa Al*\ Ca*' 
and In*', raapectively, the vavelengtha reaultirg froa the 
aeaaureaenta of photoluaineacence in the aolid atate la 415_, 
445. and 457na, raapectively (See J. Kido at al., -Organic 
20 Electroluainaacant Devicee uaing Unthanlde Coaplaxes", Jgumft l 
nf >nov8 »ntf r.,«^aunds. Vol. 92. pp. 30-33 (1993). 

The aatal bidantate coaplexea aaployad in the preaent 
invention generally produce blue eaiaaiona. 

Such coaplexea have the foraula KDL*, vberain M ia 
aalected. froB trlvalent aatale of Croups 3-13 of tha Pariodic 
Table and the Lanthanidaa. The ?i.»f erred aatal ions era M*\ 
ca*', ln*» and Sc*'. D ia a bidantate ligand axaaplaa of which 
are ahown in Fig. «A. More apecif ically, tha bidantate ligand 
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D includM 2-picolylX«ton*s, 2-quinaldylX«tonM and 2-io-ph«noxy) 
pyrldlna katOMS vh«r« th« R group* in Tig. 8A ora as daflnad 
atova. 

Tha prafarrad groiipa for V Includa aeatylaeatonata; 
eoopounda of tha formula OR^ vharain ia aalaetad trem 61, C 
and R ia aaXaetad froa tha aaaa groupa aa daacribad abova; 3, 9* 

dl(t-bu) phanol; 2, 6-diCt-hu) phanol; 2, 6-di(t*hu) ctmoI; and 
BjBpz,, tha lattar coapounda bain? ahovn in Tigm. 8B*a£, 
raapactivaly. 

By way of axaapla, tha vavslangth (\.) raaultin^f roa 
B«aBum«nt of photoluainsscttnc* in th« aolid state of aXuainua 
(picolyaathylJcetone) bi« [2, 6-di(t-bu) phanoxida] ia 420nffl. Tha 
craaol derivative of the above coapound alao aaasurad 430 na. 
XluainuB (picolylaethyDcetone) bia (OSiPh,) and acanditaa (4- 
aethoxy^picolylaathyDcetone) bia (acetylacatonata) each aaasurad 
433na, while aluainua [ 2- (0-phenoxy) pyridine] bia [2, 6-di(t-bu) 
phenoxide] aaasurad 4 50n&. 

Biaphosphonate coapounds are another claaa of coapounds 
which aay ba used in accordance with the present invention for 
tha £L layara. The bisphosphonates are represented by the 
general foraula: 

m', (0,P*organic-PO,) y 

iO ia a aetal ion. It is a tetravalant aatal ion (e.g. 
Zr*\ and Hf*^ whan x and y both equal 1. When x ia 3 and y 

is 2, the aetal ion is in the divalent state and includes, for 
exaaple, Zn*', Cu** and Cd*^ The tera "organic" as uaad in tha 
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«bov« fonula acans any aroaatic or hatarocyclic riuorascant 
eospoixnd that can b« bifunctionalisad with phospbonata groups. 

The prafarrad biapbosphonata coapounda Includa 
pbanylana vinylajia biaphonaphonataa aa for axaapla thoaa ahovn 
in Pl9a« 9A and 9B. Spaeif ieaXIy, Pig. 9A shorn f-atyranyl 
stilbana bisphosphonataa and Pig. 9B abovs 4, 4'*bipbanyl 
di(vinylpboapbonatu} vbara R ia aa described previously and 
is selected fros substituted and unsubstituted aUcyl groups, 
preferably having 1-8 carbon atoas, and aryl. The preferred 
alXyl groups are aethyl and ethyl. The preferred aryl group ia 
phenyl. The preferred substitutuents for the aUcyl and aryl 
groupa includa at least one substituent selected froa aryl, 
halogen, cyano, alXoxy, preferably having froa 1 to 8 carbon 
atoas. 

Tha divalent aatal aaleonitriledithiolate ("ant") 
coaplexes hava tha atructural foraula shown in Pig. 10. The 
divalent aetal ion includes all aetal ions having a charge, 
preferably tranaition aatal ions auch as Pt*', 2n*^ and Pd*'. 

ia aelected froa cyano and substituted or unsubstituted 
phenyl. The preferred subatituents for phenyl are eelected froa 
aUcyl, cyano, chloro and i, 2, 2-tricyanovinyl. 

represents a group having no charge . Preferred 
groups for V include P(OR}, and PCR), where R ia as described 
above or V aay be a chelating ligand such as, for exaaple, 2, 
2'-dipyridyl; phenanthroline; I, 5-cyclooctadiene; or 
Hip (diphenylphoffphino) aa thane. 

Illuatrative axaaplea of tha eaission wavelengths of 
various coabinations ot these coapounds are shown in Table 1, as 
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dftriv«d tram C.Z. Johnson mt al., "UiMinosMnt Xrldiua(I}, 
KhedlUB(X), and Platlnum(II) Dithiolate Coaplaxes", Jgttmttl Qi 
thm Aa^riean gh^eleal SoelatV, Vol. 105, pg. 1795 fl983) . 

gomii^ir WflYtltnqth* 

[Platinuad, 5*cyelooctadiana) (mnt) ] 560nB 

rPlatlnuB(P(OJtt),),(ant j ) 566n« 

[PlatinuB(P(OPli),),(Bnt) J 605rm 

[PlatinuB(bis(diphanylphosphino)Bethane) (nnt) ] 610nm 

rPlatlnuB(PPhj),(Bnt) ] 652nB 

•vavclangth raaulting froa aaasiiraaant of 
photoluminascancc in thm solid atata. 

Molecular charge transfer coaplexes etaploysd in the 
present invention for the £L layers are those including an 
electron acceptor structure coaplexed with an electron donor 
structure. Figs. llA-llE show a variety of suitable electron 
acceptors vhicb aay forx a charge transfer coarpleix vi^ one of 
the electron donor structures shown in Figs. IIF-IIJ. The group 
K as shown in Figs. IIA and llH is the saae as described above. 

Filas of these charge transfer materials are prepared 
by either evaporating donor and acceptor molecules froa separate 
cells onto the substrate, or by evaporating the pre-made charge 
transfer coaplex directly. The emission wavelengths may range 
froa red to blue, depending upon which acceptor is coupled with 
which donor. 

Polymers of aromatic and heterocyclic compounds which 
are fluorescent in the solid state aay be employed in the present 
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invmtion for thm ZL l-ay«r». Such poly»«r« may t>m us«d to 
9«Mrat« a variety of diff«r«nt colored MiasioM. Tabl* II 
provides •xaaplas of •uitatol* poly»«r» and th« color of th«ir 
Associated ealsslons. 

Ta&lt II 

PPLYWgR 
poly (para -phany 1 ene vinyl ene ) 
poly(dialkoxyphenylenevinylena) 
poly(thiophene) 
poly(phenylene} 
poly (phenylacaty lane) 
poly (N-viny Icarbazola ) 

Tha rara aarth aixad chalatas for uae in the preaent 
inv«ntion include any lanthanide eleaants (e.g. La, Pr, Nd. 6m, 
£u, and Tb) bonded to a bidentate aromatic or heterocyclic 
ligand. Tha bidentate ligand aervea to transport carriers (e.g. 
electrons) but does not absorb the emission energy. Thus, the 
bidentate ligands serve to transfer energy to the metal. 
Examples of the ligand in the rare earth mixed chelates include 
ealicyladehydes and derivatives thereof, salicycXic acid, 
quinolates. Schiff base ligands, acetylacetonates, 
phenanthroline, bipyridinc, quinoline and pyridine. 

The hole transporting layers 20H, 21H and 22H may be 
comprised of a porphorinic compo!!T"? . Ir. t>» hole 

transporting Isyers 20H, 21H and 22H may have at least one hole 
transporting aromatic tertiary amine which is a compound 



rnissroH CPMR 

blue to green 
red/ orange 
red 
blue 

yellow to red 
blue 
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eont*iniJig «t lust on« trivalant nltrogan «to« thMZ Is bondsd 
only to carbon stoas, at Isast ons of which is m msmbor of an 
araatlc ring. Por axaapla, tha aroaatic tartiary aaina can ba 
an arylamina, such as a Bonoarylaaina, diary laaina, triarylamina, 
or a poly«aric arylaaina. Othar suitabla aroaatic tartiary 
aminas, as vail aa all porphyrinic coapounda, ara diacloaad in 
Tang at al., U.S. Patant No. 5,394,870, tha taachings of which 
ara incorporatad harain in thair antiraty by rafaranca, previdad 
any of auch taaehings ara not inconsistant with any taaehing 
harein. 

Tha fabrication of a atacicad organic LED tricolor pixal 
according to tha presant invantion aay ba accoapliahed by aithar 
of two procaasas: a ahadov aas)cing procass or a dry atching 
procaas. Both procaasas to ba daacribed assuaa, for illustrativa 
pxirposas, a double hatarostructura LED construction, i.e., 
utilizing only one organic coapound layer for each active 
aaission layer, with light emerging fros tha bottoa glaaa 
substrate surface. It should ba understood that aultiple 
hetero junction organic LED's having aultiple organic compound 
layers for each active eaission layer, and/ or inverted structuraa 
(with light aaerging froa the top aurface of tha staOc) can alao 
be fabricated by one skilled in the art making alight 
aodif ications to the procaeaea daacribed. 

The ehadov masking process steps according to the 
present invention are illustrated in Pigs. 12(A*E). A glass 
substrate 50 to be coated with a layer of ITO 52 is first cleaned 
by lamer sing the substrate 50 for about five minutes in boiling 
trichloroethylene or a similar chlorinated hydrocarbon, mis is 
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foUa«.d toy rin.li.9 in •e.ton. for atoout flv. »inut.. and th.n 
m -thyX •icobol for .pproxl.at.ly flv. .inut. Th. .uto.«r.t. 
50 1. th.n blow dry with ultrahigh purity (OHP) nltrogon. All 
of th. cl.aning .olv«tt. u«.d ar. praf.rably -.lectrohlc grad.-. 
5 Aft.r th. clMning proc«»ur., th. XTO lay«- 52 1. formal on 
aubatrat. 50 In a vacuus ualng convantional aputt«-ing or 
•l.ctron boas aatboda. 

A blu. .alttlng LTD 55 (... rigur. 12B) la th.n 
fabrlcatad on th. XTO layar 52 .a follows. A ahadow aaak 73 la 
10 placad on pradetarminad outer portiona of the ITO layar 52. Th. 
ahadow aas): 73 and other aaalca uaed during the shadow maaking 
procMa ahould be introducd and r.aov.d between procMB atepa 
without exposing the device to aoisture, oxygen and other 
contaainanta which would reduce the operational llfetiae of the 
15 device. This aay be aecoapliah.d by changing aaaka in an 
•nvironaent flooded with nitrogen or an inert gas, or by placing 
the BasKs raaotaly onto the device surface in th. vacuus 
.nvirons.nt by rMote h.ndling t.chnlqu.5. Through th. eponing 
of aask 73, a 50-lOoA thicX hoi. transporting layar (KTI.) 54 and 
20 50-200A thick blue eaiasion layar (EL) 56 (shown in Fig. 12B) are 
sequentially deposited without exposure to air, i.e., in a 
vacuus. An .l.ctron transporting lay«r (ETL) 58 having a 
thicknaas preferably of 50-lOOoA la then d.po8itad on E. 56. ETL 
58 is then topped with a aemitransparent satal layar 6011 which 
25 say pr.f.rably conaiat of a 10% Ag in 90% Mg layer, or other low 
work function setal or aetal alloy layer, for akasple. Layar 60M 
is very thin, preferably less than lOOX. Layers 54. 56. 58 and 
60M say be d.posited by any on. of a nusber of conventional 



24 



FCTa'S95aS7» 



dlractlonjil d«po«ition taehniqus* auch vapor phmmm o«positlonr 
ion buB dttpoBition, •laetron hmmm daposltion, sputtarin? and 
laaar ablation* 

An ITO contact layer 601 of about IOOO-40O0A thick ia 
than forvad on tha Mtal layar 60M by »aana of eonvantional 
aputtering or alaetron baaa Mthods. For convmianca harain, tha 
aandvich layara 60M and 601 vill be rafarrad to and shown aa a 
aingla layar 60, vhieh ia aubatantially tha aaaa aa tha layar 
36 of ri9« 2. Tha lov vorJc function setal portion 60M of MCh 
layar 60 diractly contacts the EtL layer beneath it, vhile the 
ITO layer 601 contacts tha HTL layer iaaediately above it. Note 
that the entire device fabrication proceaa la bast accoaplishad 
by saintaining the vacuus throughout without disturbing the 
vacuus between steps. 

Pig. 12c showa a green esitting LED 65 which is 
fabricated on top of layer 60 using aubatantially the ease 
shadow Basking and dsposition technigues as those used to 
fabricate blue emitting LTD 55. LED 65 coapriaea RTL 62, green 
eaission layer 64 and ETL 66. A second thin (<100A thick, thin 
enough to be aesi •transparent but not so thin to lose electrical 
continuity) metal layer 60M is deposited on ETL Isyar 66, 
followed by another 1000*4 OOoX thick ITO layer 601 to fors a 
aacond sandwich layer 60. 

Shown in Pig. 12D ia a red esitting LED 75 fabricatad 
upon layer 60 (upon 601 to be specific) using similar shadow 
masking and metal depoaition methods. Red emitting LED 75 
consists of a HTL 70, a red emitting CL 72 and ETL 74. A top 
aandwich layer 60 of layara 60: and 60M are then formed on LED 
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75. km dMcrlb^d «toov« for thm •mbodl»«nt of Tig. 2, »lftllftrly, 
tte top trtMparmt ITO layer 601 can in an altamatlva 
•abodlBant torn raplaead by an approprlata Mtal alactroda aarving 
also to function aa a >lrror for raflacting upwardly diractad 
light back through tba aubatrata 50, tbaraby dacraaaing ligbt 
loaaM out of tba top of tba davica. Each TTL layar 74, 66 and 
58 baa a thiOcnaaa of 50-200A; aacb KTL layar 54, 62 and 70 ia 
100-500A thick; and aach EL layar 56, 64 and 72 la 50-1000A 
thick. For optiBua brightnaae and aff iciancy, aach of the layera 
including tha ITO/»atal layers ahould be kapt aa cloae as 
poaaible tovarda tha lower end of the abova ranges. 

Tha forMtion of alectrical contacta 51 and 59 on ITO 
layer 52, and tlactrical contacta 88, 89, 92, 94 and 96 on tha 
ITO portion 601 of ITO/Batal layers 60 is then prefarably 
15 accomplished in one atep. Thaae electrical contacta My be 
indiutt, platinua, gold, silver or combinations such as Ti/Pt/Au, 
Cr/Au or Mg/Ag. They may be depoaited by vapor deposition or 
other suitable metal deposition techniques after masking off the 
rest of the device. 
20 The final atep in the ahadov masking procasa is to 

overcoat the entire device with an insulating layer 97 aa ahovn 
in rig. 12E, with the exception of all the metal contacta 51, 59, 
88, 89, 92, 94 and 96 Which are masked. Insulating layar 97 is 
impervioua to moiature, oxygen and other contaminants thereby 
25 preventing contamination of the LED' a. Inaulating layar 97 may 
be SiO,, a ailicon nitride such as Si^, or other insulator 
deposited by electron-beam, aputtering, or pyrolitically enhanced 
or plasma enhanced CVD. The deposition technique used should not 
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•l«v«t« thm d«vio« tmmpmrmzurm abov* 120 -C ln*rauch tiiMtt high 
to^rsturas vay dagrada th« L£D characteristics. 

Tba dry atchlng procasa tor fabricating tha LED stack 
according to tha inwition is iXlustratad in Figa. l3(A-r). 
Safarrlng to ?ig. 13A, a glaaa aubstrata 103 is first eXaanad in 
tha aaaa mannar as in tha ahadovaask proeass dascrihad abova. 
An ITO layar 101 la than dapositad on tha glaaa aubstrata 102 in 
a vacuiia uaing convantlonal aputtarlng or alactron baaa Mthoda. 
An BTL 104, blue EL 105, ETL 106 and aandvlch layer comprising 
■atal layer 107H and ITO layar 107Z, all of generally the aaaa 
thlcknaasaa aa in tha ahadovaaaking procaas, are then depoaited 
over the full aurfaca of tha ZTO layer 101, uaing either 
convantlonal vacuus depoaitlon, or in tha caae of polyaara apin 
or spray coating tachnlquea. ITO/aatal sandwich layer 107 
eonslats of a leas than lOOk thick, lov vork function aetal layer 
107K depoaited directly on the ETL layer 106, and a 1000-*4000JL 
thick ITO layer 1071 on the aetal layer 107M. On the entire top 
surface of ITO layer 1071, a ioooA-2O00X thick layer of silicon 
nitride or silicon dioxide aaaklng aaterlal 108 la deposited 
using lov teaperature plaaaa CVD. A poaltlve photorealat layer 

109 auch aa HPR 1400 J la then spun-on the silicon nitride layer 
lOB. As shown in Fig. 13B the outer portions 110 (see Fig. 13A) 
of the photoresist layar 109 are expoaed and reaoved uaing 
atandard photolithographic processes. The exposed outer portions 

110 correspond to the areas where the bottoa ITO layer 101 la to 
ba •)epomatd and electrically contacted. Referring to Fig. 13r. 
tha outer regions 111 (defined in Fig. 13B) of the silicon 
nitride layer 106 correaponding to the reaoved photoresist areaa. 
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r«ov.d «.in9 • CF.rO, pl.«.. ».n. u-in, .n ion .illin, 
t^amlou. or .noth«- pi— .tch. the .«po..d outer portion, of 
ITO/..tal leyer. 107X end 10711 are rewvd. An 0, plena i. then 
..ployed to .equentieUy p«iov. the correeponding expoeed outer 
portion Of the BX l.yer 106. ZL layer 103. and HTL layer 104. 
rwctively. and aleo to r^e the re-aining photore.let layer 
109 rtiown in Fig. 13D. Finally, a CF,:0, plawaa i> again applied 
to re«ove the ailicon nitride Baek 108, vith the reeulting blue 
LID configuration ahovn in Fig. 13D. 

The ease eequence of dry etching proceaa atepa _ia uaed 
to fabricate a green LED U5 atop the blue LSD, except that SiNx 
150 ie overlaid ai ahown, followed by a photoresiet maak 113 as 
shown in Fig. 13Z to mask the outer portion of ITO leyer 101. 
Then the deposition of HTt layer 114. green SL layer 116, and eo 
on is performed (aee Fig. 13F) . The saae photolithography and 
etching techniques used for blue LTD fabrication are then 
caployed to eoaplata the foraation of the green LED 115. The red 
LED 117 is then formed atop the green LED using substantially the 
saae dry etching process. X passivation layer 119 similar to 
layer 97 of Fig. 12E is then deposited over the LED stack with 
suitable patterning to expose electrical contacts, as vaa 
described for the shadow masking process. A photoresist maak is 
used to allow dry etching of holes in passiuation layer 119. 
Next, metal 152 is deposited in the holes. A final photoresist 
layer and excess metal is removed by a -lift-off- procmss. 

Following the LED stack fabrication, *u6ther perf armed 
by a shadow mask, dry-etching or other method, the stack must be 
properly packaged to achieve acceptable device perfonwnce and 
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p^Ilablllty. Fig.. 14(A.C) illu.tr*M ««bodl»«c« of tb-i 
invMtion for facillting packaging, and for providing a harMtlc 
package for up to four of tba milticolor LEO davloaa of thm 
invantlon, for axaapla. Tba aaM rafaranea nu»arala u»ad In 
5 rlga. 14 fA-B) Indlcata tha Idantlcal raapactlva faaturaa aa in 
rig. 12Z. Tba paOcaga may alao ba uaad vitb tha naarly idantlcal 
atructura of Fig. X3F. Rafarring to Fig. 14A, aftar ovareoating 
tha antira daviea with an Inaulating layar 97, auch as SiKac for 
axaspla, aceaaa holaa 120, 122, and 124 ara forsad using Icnovn 
10 atching/photomasklng tachniguas to axposa tha topaost aatal 
layars 60M', 60H" , and 60M'". for tha blua, graan, and rad LZD 
(organic light aaitting dioda) devicaa, raspactivaly, in this 
axaxple. Tharaaftar, suitabla aatal circuit paths 126, 128, and 
130 (typically of gold Batarial), ara dapositad in a path from 
15 tha axposad aatal layars 601!', 6011", and 6011"', raapactivaly , 
to adga locatad indiua aoldar bufflps 132, 133, and 134, 
raapactivaly, using convantional procassing staps* Similarly, 
an anoda alactroda tarmlnation ia providad via tha aatal (Au, for 
axaapla) circuit path 135 f or»ad to hava an innar and contacting 
ITO layer 52, and an outer and terminating at an adga locatad 
indiua solder buap 136, all providad via conventional procaaaing. 
The device is then overcoeted vith additional insulating aatarial 
auch as Sihx to fora an insulated covering vith aoldar buapa 132, 
133, 134, and 136 being aacpoaed along one edge. Xn thia aanner, 
25 the organic UD device can be readily packaged using convantional 
techniques, or the peckaging eabodiaert f?f ttie ir^'^^f^nXXf^Tt mm 
deacribed iaaadiately below. 
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A ••tuod for Baking four »ulticolor LED dsvicM on a 
canon aubatrate 50 in a paOcagad configuration vlll nov be 
daacribad, with rafaranca to figa. 14A, 14B, and 14C, 
raapactivaly, for anotbar a«bodi»ant of tba invention. Thm 
atartlng matarial indudaa a glaaa aubatrata 50 eoatad with an 
ovariayar of indiia tin oxlda (ITO) 152. Tha following atapa ara 
uaad to obtain tbe packagad wilticolor organic LED array: 

1. KaaJt ITO layar 52 to dapoalt an SiO, layer 138 in 
a concantric aquara band ring pattam, in thia axaapla (aoae 
other pattern can be employed), on top of ITO layar SJ using 
conventional techniquea. 

2. Por» four three-color LED atac)cs aharing coanon 
layers in region 14 0 on the SiO, layer 138 uaing aathoda aa 
taught above for obtaining, for exanple, either of the structures 
of Figs. 12E or 13r, and 14A. 

3. Deposit via ahadov aaaking «etal contacta 170 
through 181; each terminating at exterior ends on SiO, layer 138, 
for providing ertemal electrical connecting or bonding pads 170 
through 181', respectively. Hotc that contacts 126, 128, and 130 
in Fig. 14A ara tha aaaa as every successive three of contacta 
170-181, respectively. Each group of three contacts, naaely 170 
through 172, 173* through 175, 176 through 178, and 179 through 
181, terminate at thair interior or other ends to provide an 
electrical connection with the metal layers 60M' , 60M" , 60M'", 
respectively, of each of the four organic LED devices, 
respectivaly* Arcthsr rctal rentact ?.8? l9 rf«oo»lt«4 via ahadow 
masking on an edge of ITO layer 52 common to all four of the LED 
devices, for providing t common anode connection, in thia 
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•xamplm. Hot* that If through •ppropri.t. Making and •tching 
tha four LED davicas art aade in complataly indopandant layers, 
four anoda contacta, raapactivaly, vill hav to provided for tha 
lattar array that can ha oparatad in a Mltiplaxad Bannar. Tha 

■ttlticoior LH> array haing daacribad in this axaspla ia a non- 

■ultiplaxad array. 

4. Depoait via ahadow aaaJcing, for aacaapla, a aacond 
SiO, layar 184 in a continuoua hand or ring laaving aacpoaad 
bonding pada 170' through 181', uaing aithar aputtering, or 
plaaaa anhancad CVD, or alactron baaa deposition , for axaapla. 

5. Deposit Pb-Sn or othar low taaparatura malting 
solder in a continuous band or ring 186 on top of the second SiO, 

layer or band 184. 

6. Depoait on the bottos of a cover glaaa 188 a Mtal 
ring 190 to be coincident with the solder seal ring 186. 

7. Inatall cover glaas IBS over the ass«mbly, as 
shown in rig. 14B, with satal ring 190 abutting against the 
aolder ring 186. 

8. Place the aaaeably in an inert gas ataosphere, 
auch as dry nitrogen, and apply heat to »elt aolder ring 186 to 
obtain an air tight seal, with the inert gas trapped in interior 
region 192. 

Referring to rig. 15, there ia shown a display 194 
which ia an RGB organic LED display. The dots 195 are ellipsis. 
A cosplete display aa 194 co»priaea a plurality of piacela such 
aa 196. The pixela are arranged as a XY aatrix tc cover the 
entire surface area of a glaas sheet coated with ITO. Bach pixel 
includes a atacJted LED atructure as that shown in Pig. 2. 
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Instead of having fixed bias aaans as battariaa 30, 31 and 32 
(Fig. 2) each of thm linaa of tarminala daaignatad in Fig. 2 mm 
blua (B), graan (C) and rad (R) ara brought out and couplad to 
suitable horizontal and vertical acan proceesors 197 and 198. 
raapectively, all under control of a display generator X99 vhich 
Bay be e TV unit. Accordingly, each matrix of LED' a has at least 
two axes (x,y), and each LED is at the intaraection of at least 
two of the axes. Also, the x-axis aay repreaent a horixontal 
axis, and the y-axis a vertical axis. It is veil known now to 
convert television signals such as the NTSC signals itrto the 
color cosponents R, C and B for color displays. Monitors for 
coaputers vhich utilize red, green and blue for priaary colors 
ere also veil known. The drive and control of such devices by 
vertical and horizontal scanning techniques are also known. The 
entire array of pixel structures deposited over the surface of 
the display is scanned employing typical XY scanning techniques 
as using XY addressing. These techniques are used in active 
aatrix displays. 

One can use pulse width aodulation to eelcctively 
energize the red, green and blue inputs of each of the DH LED 
pixels according to desired signal content. In this manner, each 
of the LED's in each line of the display are selectively accessed 
and addressed and are biaeed by many means such as by pulse width 
aodulation signals or by staircase generated voltages to enable 
these devices to emit single colors or aultiple colors, so that 
light emitted froa said structures creates an image having a 
predetermined shape and color. Also, one can serially acan each 
of the xy axes, and serially energize selected ones of the LED's 



In thm Mtrix zo malt liqhz tor producing an immgrn ^ith colors 
croatod ••rlally ▼vxtically. S«I«ct«d onmm of thm LB)*m say be 
•iaultanoottsly onoryisod* 

As indlcatod abova, tha wtical layaring taehniqua 
5 abovn in Fig. 2 allova tha fabrication of tha thraa color OH LED 
pixal vithin aattraMly aaall araaa. Thia allotrs ona to provid* 
high dafinition displays such as displays that bava 300 to aoo 
linas par inch raaolution or graatar. Such high rasolution vould 
not be obtainabla using prior art tachniquas in which tha organic 
10 aaission layars or f luorascant aedixms ganarating tha different 
colors ars laterally apaced froa one another. 

Based on aodem standards one can provide e LZD device 
as shown in Fig. 2 with an effective area aaall enough to anable 
hundreds of pixel diodes to be stacked vertically and 
15 horizontally vithin the area of a square inch* Therefore, the 
fabrication techniques enables one to achieve extreaely high 
resolution with high light Intensity. 

In rig. 16, another embodiaent of the invention is 
shown for a vulticolor LED device including the stacking of up 
20 to N individual LED's, where N is an integer niokber 1,2,3... N. 
Depending upon the state of the technology et any future time, 
N will have a practical liait. The stecked H levels of LED's 
can, for exaj^)le, be provided using either the shadow aaaking 
process steps previously described for Pigs. 12 (A-C) , or the dry 
25 etching procees illustrated in Pigs. 13A through 13P. The base 
or bottom portion of the stacked array of Pig. 16 is a glass 
substrate 102 as shown in Pig. I3r, for example, with an ITO 
layer 101 foraed over aubstrate 102. The iuedietely overlying 
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first LED a«vic«, and follwing LTD drnviGmm in thim rnxMsplm. mmch 
ijicliul« In succession ovsr ZTO Isysr 101 an HTL Isysr 154, an 
layar 156, an m. layar 158, a aatal layar 1«0, and an XTO layar 
162. Tha !!• laval UD davica 164 furthar indudaa a topmost 
Bstal layer (sae layar 152 of fig. 13r) for»ad over tha uppermost 
170 layer 162 thereof. A pees ivation layer 119 is deposited over 
the Steele, as in tha color staeJc of Fig. 13 F. The ■aterial for 
each CL layer 156 of each tXD device ia eelected for providing 
a particular color for the associated LD. As in the three color 
device, shorter wavelength (blue) devices aust lie lower in the 
atacJc than tha longer wavelength (red) devices to avoid optical 
absorption by tha red emitting layers. The color eelected for 
each respective LED and the actual number of stacked LED's are 
dependant upon tha particular application, and the deairad colors 
and shading capability to be providad- Such multi-color devices 
can also be uaed in optical communications nstworks, where each 
dlfJcrent optical channel is tranamittad uaing t different 
wavelength emitted from a given device in the stacX. The 
inherently concentric nature of the emitted light allows for 
coupling of several wavelengths into a single optical 
transmission fiber. In practical auch stacked arrays, access 
holea are formed down to the ITO layer 162 of each device 
followed by the depoaition of appropriate metallization for 
facilitating packaging and electrical connection to each of the 
LED devices in the stack, in a manner similar to that demcribed 
for the stacked multicolor LED device of Figa. 14A, 14B, and 14C, 
for example. 
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Thim dttvica can hm umm6 to provid* a lov cost, bi^h 
raaolution, high brightn*«» full color, flat panel display of any 
aiaa* ma vldana tha aeopa of thia invention to displays as 
saall as a fav ailliaataxs to tha size of a building. Tba iaagas 
eraatad on tha display could ba text or illustrations in full 
color, iA any resolution depending on the size of the individual 
LS>'s. 

Those vith sicill in the art »ay recognise various 
modifications to the eabodiaents of the invention described and 
illustrated herein. Such sodif ications are aeant to be covered 
by tha apirit and acope of tha appended claias. For exa^la, a 
BUlticolor stacked LED device, such as the above-described three 
color device of Pig. 2, in another eabodiaent of the invention 
can be provided by forsing LZD 20 froa a polymer devics aa shown 
in fig. IC, or froa a dapositad setal phosphonate fila, rather 
than having all three layers laid down in vacuo. Thm tvo 
reaaining stacXed LED's vould be fomed by vapor deposition. 



3S 



WO»«n97W 



PCT/USW/IS7*© 



1. A .ultlcoXor light •mittln, d.vlc. (LED) 

•txueture, eespriaing: 
9 . plurality of at l«a.t a flwt and a a^nd light 

..Itting orguiic davic (LTD) -t.ck«J ona upon tt>a othar. to for. 
a layarad rtructura, with aaeh LED .aparatad on. tram tb. othar 
by a transparant conductlv. layar to anabl. -aeh davica to 
r«:.lv. a aaparata biaa potantlal to oparata to -.It light 
10 through tha atack. - 

2. The Bultlcolor light emitting device atructure of 
clai. 1. Wherein each of ..id LED', emit. . diff.r«,t vev.l.ngth 
of light and therefore a different color when bie.ed. 
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3. 



The .ulticolor light emitting device .tructur. of 
claim 1. including at l~.t first through third light Miltting 
d.vice. .taOced upon one .noth.r, respectively. 

4. The multicolor light emitting diode atructure of 
claim 3, wherein aaid first device emits tha color blue (B) . .aid 
•econd device emits the color green (G) and third device emits 
the color red (R) . 

25 5. The multicolor light eaitting device atructure of 

claim 4, wherein aaid devices are .tacXad in the felKiwia^ 
aaquence along the vertical a>tis starting from a bottom point and 
directed upward, wherein the first device emits a blue color, and 
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II. 7h% Bulticolor light •mltting d«vic* •tructur* of 
clmia 10, vb€r«in Mid •ubsrrat* is at thm botto» of said LO 
•"cructura, and a topnoar layar of aaid third organic LED includad 
conaiara of indiuo tin oxida (ITO) aatarial aarving aa a contact 
for an underlying aatal aat^rial layar. 

12. The multicolor light emitting device structure of 
clain 6, wherein aaid transparent conductive layer coapriaes m 
aetallic layer having a work function lass than about four 
electron volts, and an ITO layer on said netallic layer^ 

13. The Buiticolor lighr emirting device structxire of 
claia 6, wherein said organic material is selected from the group 
consisting of bivalent metal quinolate complexes, trivalenr 
metal bridged quinolate complexes, Schiff base divalent metal 
cocplcxes, tin (iv) metal complexes, metal acetylacetonate 
ccrplexes, aetal bidentate ligand conplexes, bisphosphonates , 
divalent aetal aaleonitriiedithiolate coaplexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth aixed chelates. 

14. The aulticolcr light emitting device structure of 
claia 13 wherein the trivalent metal quinolate complexes have the 
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whmrmin R is salactad trom t^m group consisting of hydrogu, 
substlcat«d Md unsotostlrutad aUcyl, aryl and ft b«tftrocyclie 
group, L rsprMsats s llgsnd s«lsct«d froa thm group consisting 
ot picolyiMthyUcsrons; suJasrirutsd snd unsubsdcutsd 
saULcylftldshyds; a group of ttis ronula R(0)CO«* vhsrsin & is as 
defined abovs; lulogsn; a group of the f oraula RO- vheraln R is 
as definad sbovs; and quinolatss and derivatives thereof • 

15. The Bulticolor light emitting device sttnictiire of 
claia 13 vherein the aetal hidentate ligand coaplexes have the 

following f oraula: 



wherein M is selected froa trivalent aetals of Groups 3 - 13 of 
the Periodic Table and the Lanthanides, 0 is a hidentate ligand 
and L* is selected froc the group consisting of acetylacctonate; 
cozpounds of the foraula OR*R wherein is Si or C and R is 
selected froa the group consisting of hydrogen, substituted and 
unsubstituted aDcyl, aryl, a heterocyclic group; 3, 5-di(t-bu) 
phenol; 2, 6-di(t-bu) phenol; 2, 6-diCt-bu) cresol and a coapotind 
of the f oraula 



MDL*j 
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X6. Th. .uaticolor light .mlKifl? ««vic. .truccur. of 
elala 15 wU.r«in D i. 2rom tt« group eonsisrlflg of 2- 

pieolyUt.Mn... 2-qulnaldyl)c.«n.s and 2-(o-pb.noxy) 
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17. The Bulricoior lighz wairring device •trucrure 
of claia 13 wherein the Schif f base divalent natal complaxaa are 
selected from those having the forrcla 



vherein M' is a divalent nctal chosen fron Groups 2 - 12 of the 
Periodic Table, R= is selected iroc the group consisting or 




wherein X is selected :rcz the group consisting of hydrogen, 
aUcyl, al)cc»j<^ each having 1 tc B cartoon srcTss, aryl, a 
heterocyclic group, phosphinc, halogen and aaine. 
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18. Tb« aulricolor light «&ittlng d«vic« strucrur« 
of clAia 13 vti«r«ij3 tti« arouuc and b«c«rocyclic polyaars ar« 
Ml«et«d trm thm group consisting of poly (para*pb«nylftne 
vinylsn«) , poly (disUcoxypixenylsn* vinyl«n«} , poly (thiopbens) , 
5 poly (ph«nyl«n«) , poly (ph«nylac«tyl«n«) and poly fK- 
▼iny lcartoa2 o la ) . 

19* Tha multicolor light asitting davica atructura of 
claia 13 wharcin tha rare aarth nixad cbelatas comprlsa a 
5 I-anthanida bonded to a bidentata aromatic or hatarocyclic group. 

2C. The multicolor light emitting davica atructura of 
claim 19 vharain the fcidentate aromatic or heterocyclic group is 
^« group consisting of salicylaldehydes and 
derivatives thereof, salicyclic acii, quinolatas, Scbiff base 
ligands, acetylacetonates , phenarthroline, bipyridina, quinolma 
and pyridine. 

21. The multicoicr l^g.nt emitting device structure of 
claim 19 vhersm the di^^ler.z metal maleonitriladithiolate 
complexes have the formula 



L' 

/ 



Wherein is a natal having a charge, y' is selected from the 
group consisting of cyanc and suastituted and unsubstituted 
phenyl, and is a grou? havi.nq nc charge. 



2:. »• .uiticolor ligfet Mining devic. .-ruetur. of 
elal. 21 vb«.l« i. . group of tt. fersula P(OR), or PCS), 
vt>«r.in R is ..l«ct.d fro» tft. group consisting of hydrogw. 
^ibstirufd »d un«b«itut.d »lJcyl. aryl and a h.««:oeyclic 
group. 

23. Tba multicolor light aaitting davica atruccura of 
claiB 13 wherain tba bisphospbonataa hava tha formula k'.(0,P- 
organic-PO,), wharain i« a matal ion and organic represanta an 
arosatic or heterocyclic fluorescent conpound bifunetionalixed 
with phosphonate groups. 



15 



2*. The Bulticolor light eaitting device structure of 
ClaiB 13 wberein the trivalent meral bridged quino late complexes 
have the fsrsula 



20 





wherein K is a trivalent metal lor. and Z is selected from SiR or 
P-C wherein R is selected Irss t-ie group consisting of hydrogen, 
substituted or unsubstituted alkyl, aryl, or a heterocyclic 
' grcup . 
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25. Th« ■ultleolor light ..Itting *«vlc« •t--uctur« of 
el.i> 13 wh«.in th. tl« (IV) .•t.l »-v. tt« for«l. 
SRL'^S vh«r.ln L' !• MUct«d «ro« th« group coi»l«ting of 
..llcyl.ld.hyd.., ..llcyclic .eld, and quinol.to. and V 1. 

5 Ml.ct.d fro. th. group con.i.tiag of .ub-tltufd and 
mwubstltuCMl .Ucyl, mryl mnd . b.tMroeyelic group. 

26. lb. Bultleolor light fitting d.vic. otructur. of 
cl.iB 13 vh.r.in th. moLcuIm- ch«-g. tran«f«- complMc.. ca«prl.. 

10 an .l.ctron acceptor coapl.x«i with an .l.ctron donor. 

27. n». Bultlcolor light fitting d.vic atructur. of 
Cl.iB 1, wh.r.in ..id d.vic. .r. atackad in an ordar d.p«id.nt 
upon and in .ccorduc. with th.ir respective eaiaaion w.v.langth 

15 utd absorption ehar.ct.ri.tic.. 

28. The Bulticolor light Mittlng d.vic. of -lala 2, 
wherein the longest w.v.l.ngth LTD Is on top of th. atadc in the 
vertical direction followed by .ucc..«iv.ly shorter wavelength 

20 LEO'S, with the shortest w.v.l.ngth LEO on the bottoa of the 
stack. 

29. A Bultieolor light .Bitting device structure, 
coBpriaing; 

25 . tr.nspar«»t .ubstrat. layer having d.po.it.d on 

. .urf.c. . fir.t tr.nspMr.nt conductiv. coating; 

. fir.t light Mitting device depo.it.d on Mid 
fir.t transparent conductiv. coating; 
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« saeond transparent conductive coatir^ dapoaltad 
on tha aurfaca of said flrat davlca not In contact vlth said 
firat coating; 

a sacond light amltting davica dapositad on tha 
aurfaca of aaid aacond coating; 

a third tranaparant conductiva coating dapoaitad 
on tha aurfaca of said aacond davica not in contact vith aaid 
aacond coating ; 

a third light aaitting device deposited on the 
surface of said third coating; and 

a further conductive coating deposited on the 
surface of said third device not in contact vith said third 
coating. 

30. The Bulticolor light aaitting device structura of 
claifi 29, wherein said first, aecond, third and fourth conductive 
coatings are adapted to receive individual aourcea of biasing 
potential, reapectivaly . 

31. The aulticolor light eaitting device structure of 
claiB 29, wherein said devices and conductive layers era 
deposited to fora a staircaae profile^ vith said transparent 
suhstrate being of a greater length than said first device, vith 
said first dsvice being of a greater length than aaid aacond 
device, vith aaid second device of a greater length than said 
third device, vherein each step is covered by said respective 
conductive coating adapted for applying operating potentials to 
said device structures, and vherein said first through third 
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tr«Mpar«nt conductlv. co«tin9« *llov light uitt«d toy any of 
Mid davicM, rMp«ctiv*ly, to pM« through ••!(! transparant 
ratoatrats layar. 

32. Tba ■ultleolor light aaitting davica atructura of 
claim 29, wharain aaid furt:.-r eonductiva coating, ineludaa • 
third Mtal that raflocta upvard diractad light hack to said 
auhatrata . 

33. Thm aulticolor light aaitting davica «tructura of 
claim 32, wharain aaid further eonductiva coating furthar 
ineludaa a ralativaly thin indium tin oxida (ITO) layar between 
aaid thick metal and aaid aurfaea of aaid third device not in 
contact with aaid third coating, aaid ITO layer aerving aa a 
contact for an underlying metal material layer of aaid third 
light emitting diode device. 

34. The multicolor light emitting device structure of 
claim 29, wherein aaid tranaparent auhatrata ia glaaa, aaid first 
conductive coating ia indium tin oxide (ITO) , and each of aaid 
aecond, third and further conductive coatinga are compriaad of 
an ITO layer diaposed on a low work function metal layar. 

35. The multicolor light emitting davica atructura of 
claim 29, wherein each of aa^d davieea are double 
heteroatructuras (DH) , with sale first device operaxiva wban 
biased to emit blue light (B) , aaid second device operative when 
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biaMd to mmit gr««n light fC) . .aid third d.vica op«rativ« vh«n 
blAMd to uit r«d light (R) . 

36. Thm milticolor light mittlng d«vic« •tructura of 
cl«ia 35, im«p«in MCh DH structure is coapri»«d of organic 
cospounds * 

37. The Multicolor light omitting dovico otructuro of 
claia 29, whoroin ooch of oaid davicoa ara ainglc 
hataroatructuraa (SH) , with aaid first davico oparative vhan 
biased to aait blue light (B) , aaid aacond device operative vhan 
biaaed to aait green light (C) , and aaid third device operative 
vhen biaaed to aalt red light (R) . 

38. The aulticolor light eaitting device atructxira of 
clain 29, wherein each of aaid devices are polyaer atructurea, 
vlth said first device operative vhen biaaed to aait blue light 

(B) , said second device operative when biaaed to aait green light 

(C) , and said third device operative when biased to aait red 
light (F) . 

39. A aulticolor display, comprising: 

a plurality of aulticolor light emitting device 
pixel, structxires arranged in rowe and coluana to provide a 
diaplay aurf ace with each pixel structiirc consisting of at least 
one multicolor light eaitting device structure wherein each 
device structure coapriaea first, second and third light emitting 
devices (LED's) stacked one upon the other to form a layered 
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structurti with MCh LCD separated by a transparent conductive 
Imymr, and whereby said display con be bisssd via said conductive 
layers to causa said BUlticolor 119^^ oBlttin? devices to omit 
light vhan biased. 

40. Tbe BUlticolor displsy of claia 39, vbersin said 
first LED OBits blue light (B) , said second LED e&its green light 
(C) and said third LED eaits red light (R) . 

41. The oulticolor display of claia 39, wherein each 
LED davica is a double haterostructura (DH) device capable of 
eaitting light as a function of an organic coapound anployed in 
said davica. 

42. The Bulticolor display of claia 39, whorein each 
of said LEO devices is a single heterostructura (SB) device 
capable of enitting light as a function of on organic coapound 
eaployed in said device. 

43. The aulticolor display of claia 39, whorein each 
of said LEO devicss is polyaer structured device capable of 
eaitting light as a function of an organic coapound eaployed in 
said device. 

44. The display of claia 39, wherein said plurality 
of Bulticclor device structures as arranged in rowe and coluans 
on a glass substrate coated with a thin transparent layer of ZTO 
and with each of said first, second and third LED devicas of each 
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pixel .«cx«5 on .aid .ub.tr.t. to for. . ..p...t:. ri«l 
location. 

45. A ■ethod of fabricating a Bulticolor light 
5 .Bitting davica •tnictura C0ivri«ing tha atapa of: 

forming a f irat tranaparant conductiva layar upon 

a tranaparant aubatrata; 

dapoaiting a firat hola tranaporting layar upon 

aaid first transparent conductiva layar; 

depositing a firat organic aaission layer upon 
aaid first hole transporting layer to provide a firat aaiaaion 

color; 

dapoaiting a first electron transporting layar 

upon said first emission layar; 
^5 depositing a second transparent conductiva layer 

upon said first electron transporting layer, aaid aacond 
transparent conductiva layer adapted to receiva a firat bias 

potential; 

depositing a second hole transporting layer upon 
20 said second transparent conductive layer; 

depositing a second organic amiaaion layar upon 
aaid second hole transporting layer to provide a aacond amiaaion 

color; 

depositing a aacond electron tranaporting layer 

25 upon aaid aacond amiaaion layer; and 

depositing a third transparent conductive layer 
upon aaid aacond electron transporting layer, aaid third 
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tni»pu>.nt eonductlv. l.y«r to receive . teeond bie. 

potential . 

46. 3b« ••tbod of cl*i« 45, furtb«r Including thm mtmp 
of •badov Basking a rogion of aaid firat tranaparaat conduct iva 
layar prior to dapoaiting aaid f irat bola transporting layar to 
axpoaa aaid ragion of aaid firat tranaparant conductiva layar 
tliaraby anabling aaid firat biaa potantial to ba appllad batvaan 
aaid aacond tranaparant conductiva layar and aaid ragion of aaid 
firat tranaparant conductiva layar. 

47. Tha Bathod of claia 45, furthar including tha atap 
of atching away a ragion of aaid firat hola tranaporting layar 
to axpose a portion of aaid firat tranaparant conductiva layar 
tharaby anabling aaid firat bias potantial to ba appliad batwsan 
aaid aacond tranaparant conductiva layar and aaid axpoaad portion 
of aaid first tranaparant conductiva layar. 



48. A aathod of fabricating a har»atically paOtagad 
Bulticolor light amitting davica (LED) r coapriaing tha atapa of: 

forming a first transparent conductiva layar upon 
a transparant aubatrata; 

maslcing said firat conductiva layar for dapoaiting 
an SiOj layar tbaraupon in a concentric pattern; 

forming on a portion of aaid firat SiO, layar at 
laait ona aulticolor LED, each including at least a firat and a 
aacond organic light emitting devicaa (LED'a) atacRad ona upon 
tha other to form a layered structure upon said firat SiO, layer; 
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d«positin9 via .hmdov .Mklng • plurality of >«ca: 
eontaet. or circuit patix. ••ch having one «nd tarainating n**r 
an outer edge of .aid firat Sio, layer, and each having another 
end tenainating on an individual Waaing electrode of eaid at 

least one aulticolor LED; 

depositing via shadow saslcing a second Sio, layer 
as a ring concentric vith said first SiO, layer end over outer 
portions of said plurality of .etal contacts but leaving exposed 

said one ends thereof; 

depositing a ring of low teaperature ^aeltlng 
aolder ovar and concentric with said second SiO, ring; 

depositing on the bottoa of a cover glass a eetal 
ring positioned to be coincident with said ring of solder; 

installing said cover glass over said substrate 
15 and at least one multicolor LED, with said ring of solder 
abutting against said aetal ring on said cover glass; 

placing said assembly in an inert gas atmosphere; and 
heating said ring of solder to melt the solder for both 
forming an air tight aeal, and entrapping said inert gaa in an 
interior region between the bottom of said cover glass and 
underlying aubstrate. 



20 



49. The method of claim 48, wherein said multicolor 
LED forming step further includes forming a plurality of 
25 multicolor LED dsvices on eaid first SiO, layer. 



50. The method of claim 46, wherein said inert gas 
includes dry nitrogen. 

50 



51. Thm ••ttood of claU 48, wh«r«ln «aid flr«t 
tran»par«nt layer includaa Indium tin oxidm (ITO) . 

52. Tba Mthod of clala 51, further including thm stap 
of depoaiting a Batal contact proxiaata an edga of and upon a«id 
ITO layer for serving aa a cathode electrode. 

53. ttie method of claia 49, further including the atep 
of depositing e metal contact proximate an edge and upon aaid 
firet transparent conductive layer for aerving as a cathode 
electrode . 

54. The method of claim 53 , wherein said first 
transparent conductive layer includes indium tin oxide fITO) . 

55. A multicolor, energisable, light emitting 
atructura , compr iaing : 

at least three layers of conductive material; 

a transparent, energizahle, light emitting device (LED) 
disposed between adjacent ones of said layers of conductive 
material, respectively, so that said LDs are stadced on each 
other with one of eaid layers of conductive material disposed 
between each two of said LZDs and the other layers of conductive 
material are disposed on the outside of eaid LEDs; 

said layers of conductive material disposed between 
adjacent ones of said LCDs and one of said outside layers being 
substantially transparent; and 
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mmmnM on MCh of said layors of conductivo aatarial for 
telng connactad to a biaa for aalaetivaly anarglzlng "ch of said 

56. »• Mtructura of claim 55, wharain aach of said 
LZDa amits a diffarant color. 

57. Tha atruetura of claim 56, vharain aaid LEDa ara 
atackad in a vertical array. 

58. The atruetura of claim 57, furthar including: 
a third LEO in aaid atacK; 

tha middla ona of aaid LEDs bain? oparativa to 
amit light of a pradatarainad vavalangth; 

one of tha other LEDa being operative to amit 
light of a longer wavelength; and 

the lowest LED being oparativa to amit light of 
a shorter wavelength. 

59. The atruetura of claim 57, furthar including: 
a tranaparant aubstrata; 

aaid stack of LEDs and layara of conductive 
material baing aupportad by aaid tranaparant aubatrate in an 
order that corraaponds to the length of the light wave that aaid 
LEDs amit; and 

aaid LED emitting the ahortast wavelength is 
closest to said transparent aubstrate so that the light emitted 
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tram MCh of said LED* vh«n it !• snergix-d i» '-raMaitt«d 
through tha othar LEDa and through aaid tranaparant aubatrata, 

60. Tha atmctura of clala 59, furthar including: 

a layar of anti-raf lacting Mtarial diapoaad 
batvaan aaid LED aaitting tha ahortaat vavalangth and said 
tranaparant aubatrata ao that tha light aaittad f ra» aach of said 
LEDa vhan it ia anargisad ia not raflactad froa aaid tranaparant 
aubatrata . 

61. The atructure of claim 59, further including: 

a layer of raflactlve matarial adjacant aaid LED 
•Bitting tha longeat vavalangth for reflecting light eaittad froa 
aaid LED back through aaid substrata. 

62. The structxire of claia 55, wherein aaid layer of 
conductive aaterial Includea lndiu»-tin-oxide (ITO) and a Mtal. 

63. The structure of claia 62, wherein aaid metal has 
a worK function of leas than four electron volta. 

64. The atructure of claim 55, further including: 
a tranaparant aubstrate; 

aaid atacX of LEDs and layers of conductive 
material being aupported by aaid tranaparant aubatrata in an 
order that correaponda to the length of the light wave that aaid 
LEDs emit; and 
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•aid LED amltting tiie shortast v«v«lM9th is 
closMt to Mid tran»par«nt «ub«trata ao that tha light aaittaJ 
tram aach of aaid LTD* whan it i« anargitad ia tranaaittai 
through the other LTD arid through aaid transparant auhatrata vith 
aubatantially raduead ahaorption. 

65. Tha atructura of claia 64, further including: 

a layer of anti-raf lacting material diapoaad 
between aaid LED aaitting the ahortest vavelength and aaid 
transparent substrate ao that the light ecitted froa each of aaid 
LEDs vhen it is energised ia not reflected froa aaid transparent 
aubstrate. 

66. The atructura of claia 64, wherein aaid layer of 
conductiva aaterial includes indiua-tin-oxide (ITO) and a aatal, 

67. The structure of claia 66, *marein aaid aetal has 
a work function of less than four electron volts. 

68. The structure of claia 64, further including: 

a layer of reflective aaterial adjacent said LED 
emitting the longest vavelength for reflecting light eaitted froa 
said LED back through aaid aubstrate. 

69. The atructxire of claia 55, wherein aach of aaid 
LEDs is a double heterostructure . 
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70- Thm mtructuxm of claia 55, wh«r«in «xch of said 
LDs is a singla htttarostrur&ure . 

71, An •n«gix«bX«, light fitting •tnictur*, compri»- 

ing: 

« transparent sutatrata; 

a first layar of substantially transparsnt, 
•lactrically conductiva aatarial supportsd on said substrata; 

a transparant, snargizabla, light aaitting dsvice 
(LZD) supportsd on said first layar of subsrsntially transparant, 
clactrically conductiva satarial, said LCD including an csisaion 
layer; 

a aacond layer of alactrically conductive aatarial 
supported by eaid XJU); and 

said LCD being operative to produce light and 
tranamit it through said ^ansparent sxibatrste when energized. 

72. The atrucrure of cXais 71, vberein aaid first and 
second layera coapriae indixxs-tin-oxitle. 

73. The atructure of claia 72, vherein said sscond 
layer further cooprisea a layer of setal that has a vork function 
that ie leaa than four electron volte. 



74. The structure of clais 73, vherein said Mtal is 
froa the group consisting of aagnesiua, araenic and aagne- 
ciua/gold alloy. 
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75. .tnjctur* of cUiB 71. further ij.cludinq: 

•aid Mcond l«y«r of •lactrically conductlv. 
■atarial hming »uto«t«ntially transparant; 

a aacond tranaparant, anarglaabla, Ilgbt aalttlitg 
davica (LTD) aupportad on aaid aacond l«y«r of aXactrlcally 
ecmductlva Mtarlal, aaid aacond LED including an eaiaaion layar; 

a third layar of alactrically conductiva aatarial 

mpportad by aaid aacond LB); and 

aaid aacond LED baing oparatlva to produca light 
and transait it through aaid firat LED and through aaid 
tranaparent aubatrata vhan anergizad. 

76, Tha anargixable light aaitting atructura of claia 
71, wharain aaid amiasion layer includea at laaat ona Mterial 
ia aalactad froa tha group consisting of trivalant aatal 
quinolate cooplaxes, trlvalent natal bridged quinolate conplexas, 
Schiff base divalent aetal conplexea, tin (iv) Mtal complaxaa, 
Mtal acatylacatonata coaplaxaa, aatal bidantata ligand 
complaxea, biaphoaphonataa, divalent •atal aalaonitriladithiolate 
complexes, molecular charge transfer complexes, aromatic and 
heterocyclic polymers and rare earth mixed chalataa. 

77. A multicolor, energizable, light emitting diaplay 
compriaing: 

a plurality of enargizabla, light aaitting 

structures ; 
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MCb Of .aid .tructur.. c««prl«ing • plurality of 
tTMj^.nt, ll9ht fitting d.vic.. (LED) tli.t .taclt.d on 

Mcb oth<r; 

Mcb of .aid LTD. in aach of aald atructura. baing 
5 oparativa to «.it a diffarant color light vtoan anargixad; and 

Baana for aalactivaly anargixing at laaat ona of 
aaid LH)a in aacb of aaid atructuraa ao that tha color producad 
by aacb of aaid light a«itting atructuraa ia datarminad by which 
LZD or LEDa in aach light aaitting atructura ia anargisad ao that 
10 light eaittad froa aaid atructuraa craataa an iMga having a 
pradatarmlned ahape and color. 

78. The diaplay of claia 77, wherain aaid anargiaabla, 
light emitting atructuraa ara arranged in an array, aaid array 

15 Including at laaat tvo axaa, and aach of aaid light aaitting 
atructuraa ia at the interaection of at laaat two of aaid axaa. 

79. The diaplay of claia 78. wherein aaid axea define 
a horizontal axia and a vertical axia. 

20 

80. The diaplay of claia 78, wherein aaid aaana for 
aelectively energizing at least one of aaid LEDa in aach of aaid 
atructuraa includea: 

aaana for aelccting the atructuraa and the LEDs 

25 in thoae atructuraa to be energized; and 

meana for aerially ecanning each of aaid axea ao 
that aaid aeana for aelectively energizing at leaat one of aaid 
LEDS scans along aaid axes ao that said selected ones of said 
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L2D5 at thm intersection of said axss ara serially euergised to 
•Bit ligbt so that said iaage and said colors are created 
eerially. 

•1. The display of elaia 77, wherein said means for 
selectively energizing at least one of said LCDs in eech of said 
structures includes: 

Mans for substantially serially energizing eaid 
L£Ds that are in eaid structures so that said iaage and said 
colors are created serially by said structures. 

82. The display of claim 77, wherein said for «eans 
for selectively energizing said LEDs is operative to 
simultaneously energize selected ones of said LEDs in selected 
ones of said structures so that said image and said colors are 
created simultaneously by said selected ones of said LCDs in said 
selected ones of said structures. 

83. The display of claim 77, wherein each of said 
structures further includes: 

a transparent substrate; 

said LEDs each having a bottom and a top and 
defining a stacX of LEDs having a bottom and a top, said stack 
being supported on said transparent substrate; 

a first layer of eubstantially transparent, 
alectrically conductive material, said first layer being disposed 
between said bcttoa LED and said transparent substrate; 
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«t Imut mm second layer of BuLatantlally 
transparttnt, •l«ctrlc*lly conductive utftrlal, Mid socond layers 
baiB9 dlapoaad batvaan adjacent onaa of aaid LEDa; 

a firat layer of electrically conductive aatarial, 
said first layer being disposed adjacent the top of said top 
LZD; and 

Bsana on each of aaid layera of electrically 
conductive aaterial for bain? connected to a biaa for aelectively 
anargizing each of aaid LZDa. 

84. The diaplay of claia 63, wherein each of aaid 
layers of aubstantially transparent, alectrically conduct! vs 
satarial and aaid layer of alactrically conductiva satarial 
Includaa a layer of indiua-tin-oxida . 

85. The diaplay of clais 83, vherain each of aaid 
layers of substantially transparent, alectrically conductive 
natarial, and aaid layer of electrically conductive material, 
includes a layer of metal and a layer ot indiua-tin-oxida. 

86 « The diaplay of claia 85, wherein said metal haa 
a vorX ftinction of leaa than about four electron volts. 

87. The display of claia 83, further including: 

a layer of reflective aaterial diapoaed on the 
layer of electrically conductive aaterial adjacent the top of 
said top LCD ao that light froa said LEDs is reflected through 
aaid tranaparent substrate by said layer of reflective material. 
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88. The display of claia 87, further Including: 

Mid »t«Oc of LTDa ia supported by •*id transpar- 
ent substrate in an order that corresponds to the wavelength of 
the light that aaid LOs eait; and 

said LED esitting the shortest wavelength is 
closest to said transparent eubstrate so that the light emitted 
froa each of said MDs when it ia energised is transaitted 
through the other LEDs and through said transparent substrate. 

89- The display of clain 88, further including a layer 
of anti-reflecting «aterial diepoeed between said LED eaitting 
the ahortest wavelength and aaid transparent substrate so that 
the light eaitted froa each of said LEDs when it is energised is 
not reflected froa aaid transparent substrate. 

90. The display of claia 77, further including: 
a transparent substrate ; 

each of aaid LEDs having a top and a bottoa; 

at least two layers of substantially transparent, 
electrically conductive aaterial, one of said layers being 
diapoaed on said tranaparent eubstrate; 

the bottoa of one of said LEDs in each of said 
structures being supported on said one layer of substantially 
transparent, electrically conductive aaterial; 

the others of said layers of substantially 
transparent, electrically conductive aaterial being disposed 
between the reaainder of said LEDs ao that said LEDa define a 
stack; 
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a lay«r of •lactrlcally conductlvo u^«ri«l 
•upportod on thm top of Mid LB) In mmid mt^ek tiiat 1» f urthMt 
froa said transparant autatrata; and 

Mana on aach of aald la/ara of aubatantlally 
tranaparant, alactrlcally conductlva aatarial and on aald Imyr 
alactrically conduetiva aatarial for balng connactad to a blaa 
for aalactivaly anargixing aach of aald LZDa. 

91. Tha diaplay of clain 90, vharaln aach of aald 
layara of aubatantlally tranaparant, alactrically conduetiva 
aatarial, and aald layar of alactrically conduetiva aatarial 
includa a layer of indiuB-tin-oxida. 

92. Tha diaplay of claia 90, vharaln aald layara of 
aubatantially tranaparant, alactrically conduetiva aatarial and 
aach of aaid layara of alactrically conduetiva aatarial includa 
a layar of aatal and a layar of indiua-tin-oxida. 

93. Tha diaplay of claia 92, vharain aaid aatal haa 
a work function of laaa than about four electron volta. 

94. na diaplay of claia 90, further including: 

a layar of raflactiva aatarial diapoaed on aald layar 
of substantially tranaparant, alactrically conductive aatarial 
adjacent the top of aaid top LED ao that light la raflactad 
through aaid tranaparant aubatrate by aaid layar of raflactiva 
aatarial. 
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95. Tb# «tructur« of clal« 94, wb«r«in 

.aid BtacX of IXD« 1» supportad by said tran«par- 
•nt aubttrata in an ordar that corraaponda to tba vavalength o: 
tha lignt that aaid LEDb aait, and 
5 said LB) aaitting tha ahortaat vavalangth ia 

cloaeat to aaid tranaparant aubatrata ao that tha light aaittad 
froa aach of aaid LEDa whan it ia anargixad ia tranmittad 
through tha other LTDa and through aaid tranaparant aubatrata. 

10 96. Tha atructura of ciaim 95. further including: 

a layer of anti -reflecting saterial diapoaad 
batwacn aaid LED aaitting tha shortest wavelength and aaid 
transparent substrate so that the light eaitted froa aach of said 
LEDa vhan it ia energized is not reflected fron said transparent 

15 substrate. 



97. The display of clain 77, wherein said plurality 
of LED's include: 

three LEDs; 

20 each of aaid LEDs being a double haterostructure 

(DH) ; 

aaid LED cloaeat to aaid transparent aiibstrata 
being operative when energized to emit blue light; 

said LED furthest froa aaid transparent aubatrata 
25 being operative when energized to aait red light; and 

. aaid other LED being operative when energized to 
esit green light. 
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98. Th« Bulticolor light amitting display cf claim 97, 
whar«in ••ch of Mid LZDb includes an aaisaion layar containing 
an organic aatarial aalactad from tha group eonaiating of 
trlvalant Mtal quinolata coaplaxaa, trivalant Mtal toridgad 
goinolata coaplaxaa, Schiff baaa divalant aatal coaplaxaa, tin 
(iv) «etAl coaplaxaa, aatal acatylacatonata conplaacaa, «atal 
bidantata ligand eoaplaxaa, biaphoaphonataa , divalant aatal 
■alaonitriladithiolata co»plaxaa, Bolacular charga tranafar 
coi^laxas, aro»atic and hatarocyclic polyaara and rare aarth 
aixad chelates. 

99. Tha display of claia 77, wherein aaid plurality 
of LED's include: 

three LEDs; 

each of said LEDb being single heterostructures 

(SH) ; 

said LED cloaest to aaid tranaparant *iubatrate 
being operative when energized to emit blue light; 

said L£D furtheat froa aaid tranaparant aubstrate 
being operative vben energised to emit red light; and 

aaid other LED being operative vben anargisad to 
emit green light. 

.100. The multicolor light emitting diaplay of claim 99, 
vberein each of aaid LEDs includaa an amiasion layer containing 
an organic material selected froa the group conaisting of 
trivalant metal quinolata complexea, trivalant metal bridged 
quinolata complexes, Schiff base divalent metal complexes, tin 
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(iv) Betal caaplmxmB. lomtml •c.tyUMtonat* complex**, Mtal 
bid«nt«te ligand complMM, bi»pho«phonat«« , divaaant Mtal 
■•l«onltril«dlthiol«t« complM**, ■olacular ehmrgm txansfar 
camplmxmm. aroMtlc and hatarocycllc polyMx* and rara aarth 
■ixad cheXataa. 

101. A Mthod of fabricating a ■ulticolor, anargixabla 
light aaitting atpuctura, ccapriaing tha atapa of : 
providing a transparant aubstrata; 

providing a first substantially traijaparant 
alectrically conductiva layar on aaid transparent substrata; 

providing a first transparant, light aaitting 
diode (LED) on said substrata, said first LED baing oparabla whan 
anergized to aalt a light of a first pradeterained wavelength; 

providing a second substantially transparant, 
electrically conductive layer on said first LED; 

providing a second transparent, light aaitting 
diode (LED) on said aacond aubstantially transparant, 
alectrically conductive layer, aaid aacond LED being operable 
when energized to ealt a light of a second pradeterained 
wavelength, that is longer than said first pradeterained 
wavelength; and 

an electrically conductive layer on said second 

(LED). 

102. A aethod as in clais 101, wherein 

said ateps of providing said first and aacond LEDs 
coaprises the steps of foraing each of said LEOs by; 
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d«po«itlAg a bol« transporting l«y«r on aald first 
and aaeond aubatantially transparent, slsctrlcally conduct Ivo 
laysrs; 

dapositing an «»ission laysr on sacti of said hols 

transporting laysrs; and 

depositing an slsctron transporting laysr on sach 

of said aaission laysrs. 

103. Ths Bsthod of claiB 102, vtosrain sach of ssid 
aaission layers includss a material selected froa the group 
consisting of trivalent setal guinolate coaplexes, trivalent 
Betal bridged quinolate conplexes, Schiff baas divalent metal 
cGsplexes, tin (iv) metal complexes, mstsl scetylacetonate 
complexes, metal bidentate ligand complexes, bisphosphonates , 
divalent metal maleonitriledithiolate complexes, molecular charge 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 

104. A method as in claim 103, wherein each of said 
substsntially transparent electrically conductivs layere and seid 
layer of electrically conductive layer are comprised of indiua- 
tin-oxide. 

105. A method as in claim 102, further including: 
the step of providing a layer of substantially 

transparent metal between said LEDs; and 
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a lay«r of said substantially transparent 
•lactrically conduetlvs satsrial on sach of said layers of 
substantially transparsnt sstal. 

5 106. A Mtbod as in claia 105, vharein said astal has 

a vor)c function of Isss than about four slactron volts. 

107. A sathod as in clais 105, vherein said Mtal is 
froB tha group consisting of aagnssiua, arssnic and aagne- 

10 siua/9old alloy. 

108. A BSthod as in clais 101, vherein said layer of 
electrically conductive saterial has a reflective surface for 
reflecting light emitted froa said LZDs through said transparent 

15 substrate. 

109. A Bsthod aa in clain 101, further including the 

step of: 

providing an electrical contact on each of said 
20 layers of sxibstantially transparent, electrically conductive 
material, and on said layer of electrically conductive material 
so that each of said layers can be connected to a source of bias 

potential. 

35 110. A transparent energizable, light emitting device 

(L£D) , comprising: 

an emission layer, a hole transporting layer and 
an electron transporting layer; 
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said •ai»»ion l«y«r b«ing disposed bat^aen a&id 
holtt traMportlng layar and aaid aiactron tranaportlng layer; 

a flrat l«y«r of autoatantlally tranaparanr 
•lactrically conductlva matarlal, and a aacond layar of 
alactrically conductiva Mtarial, aald first layar being on aaid 
bola tranaporting layar, aaid aacond layar being on aaid electron 
tranaporting layar; and 

aaid eaiaaion layer eonaiata of Mterial aelected 
froe tha group conaiatlng of trivalent natal quinolate coaplexea, 
trivalant aatal bridged quinolate coaplaxas, Schiff baaa divalent 
■etal coaplaxas, tin (iv) Mtal complexes, aatal acatylacatonata 
coaplexes, aetal bidantata ligand coaplaxea, biapboaphonatea, 
divalent metal aaleonitriledithiolata coaplexea, aolecular cbarga 
transfer complexes, aromatic and heterocyclic polymers and rare 
earth mixed chelates. 

111. The device of claia 110, wherein 

said emission layer is no more than about 200A 

tbiOc; 

aaid bole transporting layer ia no more than about 
lOOoA thick;, and 

aaid electron tranaporting layer ia no more than 
about lOOoA thick* 
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